Molecul 

Cloning 

A LABORATORY 



V T. Maniatis 

E. F. Fritsch 
J. Sambrook 




MANUAL 

Harvard University 
Michigan State University 
Cold Spring Harbor Laboratory 




Cold Spring Harbor Laboratory 
1982 



324 THE IDENTIFICATION OF RECOMBINANT CLONES 



HYBRIDIZATION OF DNA OR RNA IMMOBILIZED ON FILTERS TO RADIOACTIVE 
PROBES 

There are many methods available to hybridize radioactive probes in solu- 
tion to DNA or RNA immobilized on nitrocellulose filters. These methods 
differ in the following aspects: 

the solvent and temperature used (68°C in aqueous solution or 42°C in 50% 

formamide); , . . 

the volume of solvent and the length of hybridization (large volumes tor 
periods as long as 3 days or minimal volumes for times as short as 4 

the°degr'ee and method of agitation (continuous shaking or stationary); 

the concentration of the labeled probe and its specific activity; 

the use of compounds, such as dextran sulfate, that increase the rate of 

reassociation of nucleic acids; 
the stringency of washing following the hybridization. 

Although the choice depends to a large extent on personal preference, we 
would like to offer the following guidelines. 

1 Hybridization reactions in 50% formamide at 42°C are easier to set up, 
present less of an evaporation problem, and are less harsh on the filters 
than is hybridization at 68°C in an aqueous solution. The kinetics of the 
hybridization reaction in 80% formamide are approximately three to four 
times slower than in an aqueous solution (Casey and Davidson 1977). 
Assuming a linear relationship between the rate of hybridization and 
formamide concentration, the rate in 50% formamide should be two times 
slower than in an aqueous solution. 

2 The smaller the volume of hybridization solvent, the better. The kinetics 
' of nucleic acid reassociation are faster, and the amount of probe needed 

may be reduced so that the DNA on the filter acts as the driver for the 
reaction All these are important parameters when detecting clones of 
low-abundance mRNAs. However, it is essential that sufficient liquid be 
present for the filters to- remain at all times covered by a film of the 
hybridization solution; 

3 Continual movement of the probe solution across the filter is unnecessary, 
even for a reaction driven by DNA immobilized on the filter. However, if 
a large number of filters are hybridized simultaneously, agitation is 
advisable in order to prevent the filters from adhering to each other. 

4 The kinetics of the hybridization reaction are difficult to predict from 
theoretical considerations, partly because the exact concentration of the 
immobilized nucleic acid and its availability for hybridization are un- 
known. 
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When using probes made by nick translation of double-stranded DNA f 
the following rule of thumb is useful: Allow the hybridization to proceed 
for a time sufficient to enable the probe in solution to achieve 1-3 * C 0 £i/2. 
In 10 ml of hybridization solution, 1 /ig of a probe of 5-kb complexity will 
reach CUi/a in 2 hours. To determine the time of half-renaturation for any 
other probe, simply enter the appropriate values into the following 
equation: 

1 Y Z 

—r x x — r- x 2 = number of hours to achieve CU1/2 

A 0 111 

where, 

X = the weight of probe added (in ^g) 

Y = its complexity (for most probes, complexity is proportional to the 

length of the probe in kb) 
Z = the volume of the reaction (in ml) 

After hybridization for 3* C0U/2 has been reached, the amount of the 
probe available for additional hybridization to the filter is negligible. For 
single-stranded cDNA probes, the hybridization time may be shortened 
since the lack of a competing DNA strand in solution favors hybridization 
to DNA bound to the filter. 

5. In the presence of dextran sulfate, the rate of association of nucleic acids 
is accelerated because the nucleic acids are excluded from the volume of 
the solution occupied by the polymer. Their effective concentration is 
therefore increased. The rate of association reportedly increases 10-fold in 
the presence of 10% dextran sulfate (Wahl et al. 1979). 

Although dextran sulfate is useful in circumstances where the rate of 
hybridization is the limiting factor in detecting sequences of interest, it is 
unnecessary for most purposes. It is also difficult to handle because of its 
viscosity and sometimes can lead to high backgrounds. 

6. In general, the washing conditions should be as stringent as possible; i.e., 
a combination of temperature and salt concentration should be chosen 
that is slightly (5°C) below the T m of the hybrid under study. The tempera- 
ture and salt conditions can often be determined empirically in prelimi- 
nary experiments where Southern blots (see pages 382ff) of genomic 
DNA are hybridized to the probe of interest and then washed under 
conditions of different stringency. 
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concentrations of protein are believed to interfere with the annealing of 
the probe to its target - This quenching of the hybridization signal is 
particularly noticeable when oligonucleotides or probes less than 100 
nucleotides in length are used. 

7. In the presence of 10% dextran sulfate or 10% polyethylene glycol, the 
rate of hybridization is accelerated approximately tenfold (Wahl et al. 
1979; Renz and Kurz 1984; Amasino 1986) because nucleic acids are 
excluded from the volume of the solution occupied by the polymer and 
their effective concentration is therefore increased. Although dextran 
sulfate and polyethylene glycol are useful in circumstances where the 
rate of hybridization is the limiting factor in detecting rare sequences 
(e.g., northern or genomic Southern blots), they are of no benefit when 
screening bacterial colonies or bacterial plaques. In addition, they can 
sometimes lead to high backgrounds, and hybridization solutions con- 
taining them are always difficult to handle because of their viscosity. We 
therefore recommend that dextran sulfate and polyethylene glycol not be 
used unless the rate of hybridization is very slow, the filter contains very 
small amounts of DNA, or the amount of radiolabeled probe is limiting. 

8. To maximize the rate of annealing of the probe with its target, hybridiza- 
tions are usually carried out in solutions of high ionic strength (6 x SSC 

or 6x SSPE) at a temperature that is 20-25 6 C below the melting * 
temperature (T m ). Both solutions work equally well when hybridization CT 
is carried out in aqueous solvents. However, when formamide is included 
in the hybridization buffer, 6 x SSPE is preferred because of its greater 
buffering power. 

9. In general, the washing conditions should be as stringent as possible (i.e., 
a combination of temperature and salt concentration should be chosen 
that is approximately 12-20 9 C below the calculated T m of the hybrid 
under study). The temperature and salt conditions can often be de- 
termined empirically in preliminary experiments in which samples of 
genomic DNA immobilized on filters are hybridized to the probe of 
interest and then washed under conditions of different stringencies. 

10. To minimize background problems, it is best to hybridize for the shortest 
possible time using the minimum amount of probe. For Southern 
hybridization of mammalian genomic DNA where each lane of the gel 
contains 10 fig of DNA, 10-20 ng/ml radiolabeled probe (sp. act. = 10 
cpm//Ag or greater) should be used and hybridization should be carried 
out for 12-16 hours at 68°C in aqueous solution or for 24 hours at 42°C in 
50% formamide- For Southern hybridization of fragments of cloned DNA 
where each band of the restriction digest contains 10 ng of DNA or more, 
much less probe is required. Typically, hybridization is carried out for 
6-8 hours using 1-2 ng/ml radiolabeled probe (sp. act. - 10 9 cpm/fig or 
greater). 

11. Useful facts: 

a. The T m of the hybrid formed between the probe and its target may be 
estimated from the following equation (Bolton and McCarthy 1962): 
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r=5> T n = 81.6°C - 16.6(log l0 [Na+ J) + 0.41(% Q + C) - 0.63(% formamide) 
-(600/0 

where I « the length of the hybrid in base pairs. 
This equation is valid for: 

• Concentrations of Na* in the range of 0.01 m to 0.4 m. It predict* T m 
less accurately in solutions of higher [Na*], 

• DNAs whose G + C content is in the range of 30% to 76%. Note that 
the depression of T m in solutions containing formamide is greater 
for poly(dAidT) (0.75°C/1% formamide) and less for DNAs rich in 
poly(dG:dC) (0.50*C/1% formamide) (Casey and Davidson 1977). 

The equation applies to the "reversible" T m that is defined by optical 
measurement of hyperchromia^ at OD^,. The "irreversible" T m , 
which is more important for autoradiographic detection of DNA by* 
brids, is usually 7-10 a C higher than that predicted by the equation. 
Similar equations have been derived for: 

i. UNA probes hybridizing to immobilized RNA {Bodkin and 
Knudson 1985) 

T - 79.8°C + 18.«lojr l0 [Na* ]) + 0.58(%G + C) 

+ 11.8(%G + Or - 0.35(% formamide) - (820/Z) 

ii. DNA:HNA hybrids (Casey and Davidson 1977) 

T to = 79.8°C + l8.5(log I0 [Na*]) + 0.68(%G + C) 

+ 11M%Q + Cr - 0.5(K% formamide) - (820/Z) 

Comparison of these equations shows that the relative stability of 
nucleic acid hybrids decreases in the following order: RNArRNA (most 
stable), RNAtDNA (less stable), and DNAzDNA (least stable). In 
aqueous solutions, the T m of a DNA:DNA hybrid is approximately 
10°C lower than that of the equivalent KNA:BNA hybrid. In 80% 
formamide, the T m of an RNA:DNA hybrid is approximately 10 6 C 
higher than that of the equivalent DNA:DNA hybrid. 

b. The T m of a double-stranded DNA decreases by 1-1.5°0 with every 1% 
decrease in homology (Bonner et al. 1973). 

The above equations apply ouly to hybrids greater than 100 nucleotides in length. 
The behavior of oligonucleotide probes is described in detail ia Chapter 11, 

For a general discussion of hybridisation of nucleic acids bound to solid 
supports, see Meinkoth and Wahl (1984). 
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